T he rapidly developing field of virtual reality (VR) offers substantial promise for rehabilitation research and clinical practice. Virtual reality systems use hardware and software to create interactive simulations that engage users in realistic environments. 1 Platforms range from expensive, immersive, laboratory-based systems to lowcost, off-the-shelf video games. Therapy that incorporates the use of VR is currently used to target clinical outcomes in many patient populations. Systematic reviews summarizing the evidence in this diverse field support the use of VR in upper limb rehabilitation 2, 3 and call for ongoing, highquality methodological research to support its optimal use in practice. 4 -8 Yet, evidence for effectiveness is only one relevant piece of the puzzle. Clinicians also require support in the form of knowledge translation (KT) resources to inform decisions about how to use VR in clinical practice. 9, 10 Developing accessible, clinically relevant KT resources may enhance integration of VR systems into rehabilitation.
Using KT to address the evidenceto-practice gap is a key priority for both the National Institute on Disability and Rehabilitation Research (NIDRR) 11, 12 and the Canadian Institutes of Health and Research (CIHR). Knowledge translation is defined by CIHR as "a dynamic and iterative process that includes synthesis, dissemination, exchange and ethicallysound application of knowledge to improve the health of Canadians, provide more effective health services and products and strengthen the health care system." 13 Traditional KT strategies include the use of printed educational materials, audit and feedback, and tailored interventions. 14 Although little is known about which specific KT strategies are most effective in physical therapy, 15 active strategies involving multiple methods have the greatest support. 14, 16 In addition, using the Internet as a platform for KT resources or tools is becoming increasingly popular because of the potential to lead large numbers of individuals through self-paced, selfdirected learning of up-to-date multimedia content. 17, 18 Accessible, user-friendly KT resources to support clinical decision making about VR integration into practice are needed because clinicians worldwide are embracing the use of these systems. 19 -21 A focus group reported that video gaming is the most prevalent assistive technology used by therapists in stroke rehabilitation in the United Kingdom. 21 In Australia, 76% of stroke rehabilitation units have access to the Nintendo Wii (Nintendo, Redmond, Washington). 19 A survey of occupational therapist and physical therapists working in a Canadian rehabilitation hospital showed that 76% of respondents believed the Wii to be beneficial for inpatient clients, with 73% agreeing that its use could enhance client adherence to intervention programs. 20 However, platforms and games are released at a pace surpassing that at which research exploring their utility can be conducted and disseminated. For example, the Wii was released in 2007, with the first case report with application to rehabilitation published in 2008 22 and a game analysis to guide clinical decision making disseminated in 2011. 23 However, the evidence for this system compared with standard of care is only recently becoming available 20,24 -34 and is inconclusive. Despite the growing evidence in support of the Kinect and other VR systems as an adjunct to physical therapy, many factors affect translation of this technology into practice. 40 Physical therapists and occupational therapists in brain injury rehabilitation identified barriers in knowledge and time as constraints to using the Interactive Rehabilitation Exercise System (IREX). 9 Even though they perceived the IREX as useful and applicable, they had difficulty with implementation into practice. Increased use of this VR system was facilitated by knowledge translation initiatives. 9 Levac and Miller 10 found that physical therapists using the Wii in a pediatric brain injury setting felt a strong responsibility to learn how to use the system appropriately and wanted education on how to do so. Lack of time and knowledge appear to be the main barriers to implementing VR video games in practice.
Given the history of difficulties adopting previous VR and video game technologies, we sought to proactively address these barriers with the creation of a knowledge resource pertaining to the Kinect with the aim of reducing the knowledge barrier directly and the time barrier indirectly. We focused on the Kinect because we speculate that its hands-free, camera-based interaction will appeal to clinicians who may be inspired to integrate these games into clinical practice if they had support to inform decisions about game use within goal-oriented rehabilitation programs. Skills in any VR implementation include decision making about matching the intervention to the client, implementation of treatment parameters, and progression through different levels of the game or task. 41 A KT resource to support development of these competencies may maximize the potential benefits of VR use for clients. 9 ,41 Importantly, we view the knowledge resource as a tool to bridge the gap between the technology and its implementation in physical therapy.
Indeed, successful translation of an innovative technology such as VR into clinical practice depends partially on the availability and quality of appropriate KT resources for that new technology. Creation of those KT resources may best be accomplished with a framework to guide development and evaluation. 42, 43 The knowledge-to-action (KTA) cycle 42 (Fig. 1) guides researchers in the process of creating, implementing, and evaluating sustainable KT initiatives. In this article, we describe our use of the KTA framework to guide the development, preliminary usability evaluation, and proposed evaluation of a resource designed to support clinical decision making about selection and implementation of Kinect games for rehabilitation.
Methods
The KTA cycle guided our approach to the development and planned eventual integration into practice of a knowledge resource about Kinect games in rehabilitation. The KTA framework contains 2 components. The first is a knowledge creation cycle in which information is synthesized to create knowledge products, resources, or tools that are directed toward the needs of specific end users. Next, an action cycle outlines distinct steps in activities inherent to translating the knowledge product into practice, including monitoring and evaluating knowledge use. 42 The KTA framework is illustrated in Figure 1 . The specific methodology we used for the assessment of the knowledge resource was 4 usability studies conducted as either focus groups or formative evaluations with subject matter experts. The KTA application, namely identifying the problem and creating a knowledge resource, is presented in Figure 2 (parts A and B) and the usability methodology is presented in Figure  2C .
Identifying the Problem
Our approach began with the first step in the action cycle: identifying the problem (Figs. 1A and 2A) . In this case, the problem was a lack of information to support use of Kinect for Xbox 360 games in physical therapy toward a variety of clinical goals. When we surveyed the literature, there was no resource to support clinicians' use of Kinect in practice. The authors, a group of physical therapists with VR and video game expertise and publication histories in different areas of this field, were invited by one researcher (J.E.D.) to collaborate on this project. We had all observed anecdotal interest in Kinect use among our clinician colleagues and valued its potential in rehabilitation. However, we were familiar with the literature identifying barriers to VR adoption, which suggests that overburdened clinicians were unlikely to have the time or guidance to fully explore the potential of this gaming platform. 9, 10 Our goal, therefore, was to create an accessible and clinically relevant knowledge product to inform physical therapists about integrating the Kinect system into practice. Recognizing that the information needed to be applicable across a range of practice settings and client populations, an iterative process to product development was planned, understanding that final content and format would emerge through our team interactions and feedback from end users. 44 We then sought to identify and review the knowledge relevant to the problem. This knowledge included information described earlier about barriers and facilitators to VR implementation, which motivated our vision of the product as being easily accessible and providing synthesized, clinically relevant knowledge about Kinect game play in written and video formats.
Creating the Knowledge Resource
The knowledge creation component (Figs. 1 and 2B) began with synthesizing the knowledge and experience from previous work in this area, including a Wii game analysis, 23 a classification framework of pediatric VR systems, 45,46 experimental studies using and adapting the Kinect games for rehabilitation, 47, 48 and a systematic framework to guide clinical decision making in gaming choices for therapeutic use. 49 We then familiarized ourselves with Kinect game play. Three Kinect games believed to be representative of a variety of movements and virtual environments were selected: Soccer (Sports Season One), Boxing (Sports Season One), and 20,000 Leaks (Adventures). The games were played individually and with each investigator's clinical or research teams. We documented the movements required, the type of feedback provided by the games, and other details that we thought would be relevant to clinicians. These initial observations informed the early version of the content and format of the knowledge product, which we called the Kinecting With Clinicians (KWiC) resource.
We organized the KWiC resource (Appendix 1) into 2 sections: (1) information to inform game selection (ie, what game would a clinician select as most relevant for a particular goal or client) and (2) information to inform game play (ie, specific details about playing an individual game). We then decided on a list of operationally defined game characteristics by which to organize the information in the resource (Tab. 1). Next, we analyzed the 5 Kinect Adventure games, as they come bundled with the purchase of the console and offer a variety of game play options. We developed a print version of the KWiC resource as well as videos illustrating game play of each of the 5 games at beginner and advanced levels.
Resource categories whose therapeutic importance became apparent to us through iterations of game analysis were agreed on after discussion and consensus among the group: game description, entry point, player or game driven, game score, game modifications, and progression. Typically, one member would suggest a category, then the team would discuss their understanding of that construct, its potential importance for clinicians, and how to name, define, and structure it. Each author scrutinized the consensus definition during the next iteration of game analysis, and any needed changes were discussed and agreed on at the following meeting (Fig. 2B ).
Other specific therapeutic components of video games were derived from previous work 9,20,42-44 following the same iterative and consensus forming approach (Fig. 2B,) but, in this case, informed by motor learning and motor control principles. 50 Virtual reality, including off-theshelf games, is appealing as a therapeutic tool, in part, because it can mimic many of the task and environmental features one would modulate in a motor learning treatment approach. 51, 52 This approach emphasizes, among other things, active involvement by the patient, the interrelatedness of posture and movement, context (person, task or environment)-specific training or retraining, and appropriate feedback. 53, 54 This approach originated in neurological rehabilitation, but its application has been advocated across practice areas 55 and across the life span. 56, 57 The KWiC categories "Stability" and "Mobility" recognize the importance of the interrelatedness of posture and movement 53,58 and were defined from Gentile's constructs of body stability versus body transport, 59 the idea that gait and other human mobility require both stability (not falling) and mobility (moving in the desired direction), 60 and the construct of proximal stability to allow more effective distal mobility. 60 "Mobility plus" was a term we coined to describe those motions that we felt were more demanding than stepping or walking, such as jumping, lunging, and tasks performed in single-leg stance. Motor learning also emphasizes that pracVideo Game Use in Rehabilitation tice should be structured around analysis of the person and the task or environment and with attention to feedback. 53,58,61 Spatial and temporal accuracy are crucial regulatory conditions of the environment that must be structured appropriately into relearning of motor skills, 58 making the accuracy demands inherent to individual games important information for clinicians. The definitions we agreed on were taken from the motor control literature 50 (Tab. 1). The ability to augment feedback beyond the means available in more typical therapy sessions has been recognized as a powerful therapeutic advantage of virtual reality, 51, 62, 63 thus its inclusion as a consideration in this resource. Likewise, the additional cognitive demands imposed by game play are recognized 64 and thus were included.
Usability Evaluation of the KWiC Knowledge Resource
Although the subsequent steps of the KTA action cycle focus on integrating knowledge into practice, we first needed to get feedback from end users about the print and video content of the KWiC product. This is an important step in the development of a new knowledge product, particularly because we had not consulted with end users thus far. We used an exploratory, preliminary usability evaluation 44 methodology with institutional review board/research ethics board approval from our respective institutions. The exploratory usability evaluation involved seeking feedback about the resource from end users through interviews and focus groups at each of our sites.
The 4 sites used the same questionnaire to obtain written demographic information from all participants. Participants were provided with a paper or electronic copy of the KWiC resource and access to the game play videos (hosted on a private YouTube channel). Although all sites used the same questions, the process of familiarizing participants with the resource and obtaining feedback varied slightly. At each site, researchers documented feedback during the session. The list of questions asked during the focus groups or interviews is presented in Appendix 2. The sites differed in their methodology; Figure 2C outlines the process. Ontario and Florida used focus groups, and Washington and Ohio conducted individual interviews. Ohio used a formative evaluation methodology 67 with experts in game analysis.
At 2 sites (Ohio and Ontario), participants perused the resource and vid- Player or game driven Player-driven games rely largely on the actions of the player and wait for a response before continuing; game-driven environments progress independent of the player's response Stability Maintain a posture or orientation of the trunk and limbs to: allow movement of other body segments, hold body and body segments in a required game position, and resist perturbations 59, 60 Mobility Movement of body segments to reach a target, avoid obstacles, assume required positions, or "drive" or "steer" the game task 59, 60 Mobility plus Higher-level movement required, including more athletic balance or mobility tasks such as jumping, lunging, or running in place 59, 60 Spatial accuracy The type of accuracy required for aiming movements for which spatial position of the movement's end point is important to task performance 65 Temporal accuracy The type of accuracy required of rapid movements for which accuracy of movement time is important to task performance 65 Cognitive operations Executive functions of planning, response selection, and switching attention 66 Augmented feedback Information from an external source that is intended to enhance or replace the intrinsic feedback that comes from a person's own sensory, visual, and auditory systems 50
Progression The extent to which the physical or cognitive difficulty level of the game progresses within a single trial of game play
Game score Performance indicators reflecting a player's success
Game modifications Potential modifications that can be made in the virtual environment, the physical environment, or the task
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eos on their own prior to meeting with the researcher. At the Florida site, participants were provided with the video links prior to the meeting, and Kinect games were played in person with the researcher prior to introducing and obtaining feedback on the resource. At the Washington site, participants were provided with the resource and shown the videos at the focus group. Participants were asked to read through the game descriptions on the paper resource and select a game that they thought would be most appropriate for a typical client who they may see in their practice prior to participating in the facilitated discussion.
Following the focus groups or interviews, each researcher summarized the feedback obtained per question. Three group discussions were used to synthesize the findings across sites. These findings were then consolidated into Tables 2, 3 , and 4. User responses to the quality and clarity of the KWiC were coded as changes to the resource or verification of existing plans. Decisions about changes to the resource were based on the frequency of comments.
When there was controversy regarding the comments, the group decided to evaluate that aspect in future studies.
Results of the Exploratory Usability Evaluation
Participant Demographics Feedback was obtained from 16 participants. Their demographics are summarized in Table 2 . Participants had an average of 17.75 years of clinical experience (SDϭ11.52).
Participants had greater experience using the Wii and relatively little In Florida, all participants had familiarity with VR video games. Two of the 3 therapists had used VR in the clinic, and 1 participant had previously used the Kinect in the clinic. Participants reported that their current method of decision making to use games is to determine patient impairments and select games that appear to meet these needs. Washington site therapists were all familiar with the Wii, and only 1 therapist had used the Kinect for recreational purposes. These therapists reported that they consider patient safety, interest in games, and their own prior experience with the games when making decisions. Tables 3 and 4 summarize the feedback obtained per site.
Feedback Summaries by Site

Decisions About Changes to the KWiC Resource
In deciding how to interpret the feedback across the 4 sites, we focused primarily on the comments that were similar across the groups.
Changes
• Game description: will be standardized by the order and detail of information across each (in terms of starting with goal of the game or the movements required).
• Game selection versus game play:
will be further evaluated using the Web interface when the resource will be tested in the context of clinical decision making.
• Category names: the labels and definitions of "Stability," "Mobility," and "Mobility plus" need to be renamed and revised for clarity using labels that are consistent with clinicians' terminology. 68
Verification and Enhancements
• Videos were uniformly viewed as an important component of the KWiC resource. Advanced-level videos will be reviewed to better illustrate the movement potential of 
Discussion
Given the rapid development of motion capture technology and the decline in the cost of video game consoles, we identified a need to support clinicians in their efforts to adopt these technologies into practice. This need is specifically relevant for off-the shelf consoles such as the Kinect for Xbox 360, where the games were not designed for rehabilitation. We used the KTA framework to inform the development and eventual evaluation of a knowledge product to facilitate clinical integration of Kinect games into practice. This article describes the first step in this research program, a preliminary usability evaluation of the KWiC resource, with clinicians at 4 clinical sites. Our assumption that clinicians want a knowledge resource was universally supported by the participants, solidifying our plans to create a Web-based, video-enhanced resource. We learned the importance of using familiar and standardized terminology. The feedback obtained through this evaluation will guide decisions about changes to be made to the KWiC resource. We now discuss the methodological advantages and disadvantages of the usability evaluation used in this study as a way to inform future research. Finally, we outline how the KTA framework will guide our subsequent research plans.
Methodological Advantages and Disadvantages
Obtaining feedback in slightly differing ways from a variety of clinicians was both advantageous and problematic with respect to summarizing and utilizing that feedback to make changes to the KWiC resource. We discuss how feedback was obtained according to relevant features of our process.
Participants and their relationship to investigators. Our participants had varied clinical and VR experience. This range of experience was potentially advantageous as it allowed us to obtain richer feedback on the resource and was potentially representative of future users of the resource. However, participants practiced primarily in neurologic and pediatric settings. Inclusion of clinicians working with clients with orthopedic and geriatric conditions will enhance the generalizability of the KWiC. The participants had a professional association with the researchers. The advantage of this prior association was reflected in the depth of discussion regarding the resource and the apparent interest the participants had in contributing to improvements in the resource. The limitation or disadvantage is the potential reluctance of the participants to provide highly critical feedback to a colleague.
Familiarization with the resource. Our initial aim was to provide the resource ahead of time for review by participants. We assumed that participants would familiarize themselves with the resource, but this did not always occur. This lack of familiarization resulted in less rich feedback than we had anticipated, as some participants needed to familiarize themselves with the resource during the brief interview time. Some sites anticipated this limitation and allowed time during the focus group to review the resource and discuss it, but others did not.
Differing methods. Slight differences in terms of whether participants were interviewed alone or in a focus group as well as whether games were played during the focus group may have had an impact on the depth of feedback provided. In addition, users in a group setting may influence each other, resulting in some data loss from a user study perspective. 69 Methodological differences were largely in an effort to individualize the process for the participants and to obtain the most useful feedback. Another limitation is that the way we asked participants to consult the resource was not particularly context-based in that it was isolated from a clinical sense. Clinicians may have been able to give more feedback had they been asked to think about a particular client (as was done at the Washington site) and consider whether the resource would be helpful in making decisions about that particular client.
In a true user-centered design, we would have involved users from the beginning of the study. 44 We chose instead to use our experiences and perspectives, as we all had worked with clinicians and or physical therapist students to implement games in practice. We acknowledge this as a limitation in our process.
Subsequent Research Plans
The action cycle of the KTA framework will structure the next steps in the research process. First, we will make the changes described above to the KWiC resource. We will then adapt the new version to an online format. Online KT resources aim to Video Game Use in Rehabilitation disseminate research findings or translate evidence-based knowledge into practice with the goal of increasing awareness and stimulating practice change. 70 Using the Internet as a platform for KT resources or tools is becoming increasingly popular because of its potential to lead large numbers of individuals through flexible self-paced, self-directed learning of up-to-date multimedia content. 71, 72 Evidence supporting the use of online resources to translate knowledge in rehabilitation is emerging. 18,73-75 Best practice guidelines for the development of online KT resources in rehabilitation were proposed by Levac et al 70 ; these guidelines will be followed in creating the website. An online resource may be an efficient method of achieving KT aims across geographic boundaries while applying adult learning principles to promote selfpaced and self-directed ongoing learning. The online KWiC resource will include a "wiki" component, allowing clinicians to contribute their knowledge by suggesting therapeutic adaptations to games, analyzing new games, and providing ongoing feedback on resource content.
Next Steps
Mixed-method evaluation of content and format of the new Web-based KWiC resource. This step will involve a larger sample size that is more representative of different practice areas. The method will be an online survey with a qualitative content analysis. 76 We will first present participants with a selection of 1 of 4 case scenarios representative of use of the Kinect in different physical therapy practice areas. Participants will peruse the KWiC resource in the context of making a decision about which game to select for that particular client. They will provide feedback about content and format of the resource through an online questionnaire. The next phase of the KTA action cycle-assessing barriers to knowledge use-will be targeted through the questionnaire by asking participants questions about factors that would influence their use of an online KWiC resource to inform their clinical practice.
Tailor the intervention. We will then tailor the intervention by making subsequent changes to KWiC resource based on feedback received from this questionnaire. We also will expand the resource to include more Kinect games. 
Conclusion
Kinect for Xbox 360 games are accessible, motivating, and potentially challenging options for a variety of rehabilitation clients. The diversity of the games and their development for healthy populations implies that busy clinicians may require resources to support decision making about integration into rehabilitation clinical practice. Rather than simply deciding to use a new technology because it is popular, clinicians can learn to match the features of the system and the game characteristics to the needs of individual clients to achieve therapeutic benefit. It is important for clinicians to be comfortable enough with the technology to evaluate its effectiveness and to adapt it to changing needs. These goals informed the development and exploratory usability evaluation of a KT resource (ie, KWiC) designed to meet these goals. This article described the process and feedback received from the usability evaluation and outlined subsequent research plans for improving and further evaluating the KWiC resource using the KTA framework to guide the proposed research methods. We believe that an online KT resource that incorporates multimedia content and contains a discussion forum is the ideal format. After further user-based evaluation and feedback, we will explore the clinical utility of the KWiC resource by monitoring and evaluating outcomes related to its use. • choosing which part of the body to use to block the leaks Planning:
• see the gates and coins while maneuvering the raft in advance to get to the gates Switching attention:
• if getting through the gates, landing on objects, or collecting coins is a task, then you must switch attention between gates, coins, and objects Response selection:
• at junctures, the player selects different river routes Planning:
• select the best direction, velocity, and amplitude of the movement to maximize the number of targets • learn how to control the ball Switching attention:
• keep track of target and hit balls • switch attention between changing targets and moving ball Planning and response selection:
• planning pattern of jumping, ducking, and reaching for coins in advance Switching attention:
• switch between getting coins and avoiding obstacles Planning:
• plan on how to pop the bubbles • holes on the walls light up where bubbles will emerge Switching attention:
• switch between bubbles and lights on the wall
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